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H 
D a t a  on fmin r a d i o  emission and s o l a r  f lares,  c o l l e c t e d  d u r i n g  

t h e  IGY and IGC b y  o b s e r v a t o r i e s  and  s t a t i o n s  have been used, 
The connect ion between X-ray emiss ion  and  t h e  emiss ion  i n  Hd! o f  

f l a r e s  is s t u d i e d  s t a t i s t i c a l l y .  
S i x  intense  ehm=~sp!~er ic  f la res  (imp~rtance 5 and 3+)  which 

were n o t  accompanied by X-ray emiss ion  h <  8 'A), were d e t e c t e d  a n d  
a l s o  eight "doubled'' f l a r e s  which g e n e r a t e d  X-ray emission only in 
one k n o t  o r  m a x i m u m .  

f l a r e s  i s  e s t a b l i s h e d .  

p a n i e d  by an  a p p r e c i a b l e  flow of  X-ray emission,  s u f f i c i e n t  f o r  the  
appearance o f  a w e l l  n o t i c e a b l e  ( a c c o r d i n g  to  f ) a d d i t i o n a l  ioniza- 
t i o n  of  t h e  D l a y e r ,  The p o s s i b i l i t y  of a u n i q @ r e l a t i o n  between t h e  
p r e s e n c e  of X-ray emission of so l a r  f lares a n d  type  I V  b u r s t s  of r a d i o  
emission is d i s c u s s e d  b r i e f l y .  

l a y e r )  are  due t o  t h e  X-ray emission from behind-the-limb flares, 
which are seen from t h e  e a r t h  as a s u b f l a r e s  o r  n o t  a t  al l .  A n  idem- 
t i c a l  resu l t  w a s  o b t a i n e d  in [11] and [12]. T h i s  f a c t  is a p p a r e n t l y  
e v i d e n c e  t h a t  t h e  r e g i o n  of genera t ion  of  X-ray emission i s  not  limit- 
ed by t h e  r e g i o n  of f l a re  emission i n  Hrrbnt ex tends  t o  h e i g h t s  of 
s e v e r a l  tens of thousand6 of k i l o m e t e r s  i n t o  t h e  r e g i o n  of  c o r o n a l  

Yhe absence of a d i r e c t i v i t y  e f f e c t  i n  t h e  X-ray emiss ion  o f  

It is found t h a t  all type  I V  b u r s t s  o f  r a d i o  emission are accom- 

It is proved  t h a t  s e v e r a l  i n t e n s e  i o n o s p h e r i c  e f f e c t s  ( i n  the D 

condensat ions.  " f L , , r  
By i n c r e a s i n g  the  i o n i z a t i o n  in the  lower  ionosphere  [l], t h e  X-ray 

emiss ion  produces a l a rge  number of geophys ica l  e f f e c t s ,  s u c h  as t h e  sudden 

i n c r e a s e  i n  t h e  a b s o r p t i o n  o f  cosmic n o i s e s  ( S C N A ) ,  t h e  a b s o r p t i o n  o f  radio 

shortwaves (SWF), t h e  growing minimum r e f l e c t i o n  frequency p e r  fmb, etc.  

An i n v e s t i g a t i o n  i n t o  t h e s e  phenomena would make a c o n s i d e r a b l e  c o n t r i -  

b u t i o n  t o  t h e  unders tanding  of t h e  n a t u r e  o f  t h e  p h y s i c a l  p r o c e s s e s  in t h e  

f l a r e s .  

Making use of  t h e  v a s t  experimental  na te r ia l  accumulated all over  t h e  

world d u r i n g  I G Y - I G C ,  i t  would b e  p o s s i b l e  t o  a t tempt  a s o l u t i o n  of s u c h  

i m p o r t a n t  problems i n  the p h y s i c a l  a s p e c t  of  f l a r e s  as t h e  n a t u r e ,  h e i g h t  



of  g e n e r a t i o n  and ha rdness  of X-ray emiss ion ,  i t s  i n t e r r e l a t i o n  w i t h  t h e  

development o f  f lares  i n  Ha, as w e l l  a~ t h e  r a d i o  emission of  f l a r e s  a n d  

t h e  a c c e l e r a t i o n  o f  p ro tons  t o  h igh  e n e r g i e s ,  etc. 

We w i l l  examine some o f  t h e s e  problems in t h i s  a r t i c l e .  

I. Observation Bata 

The following d a t a  were used  i n  t h e  i n v e s t i g a t i o n :  on chromospheric 

flares and b r i g h t n e s s  c2-53, surges a n d  a c t i v e  prominences C61, r a d i o  e m i s -  

sion of solar f lares  C7, 83, and i n  some c a s e s  a l s o  t h e  d a t a  on SWF c43. 

S o l a r  x-ray emiss ion  was s t u d i e d  by t h e  i n c r e a s i n g  minimum r e f l e c t i o n  

f r e q u e n c i e s  o f  fmin revea led  by a v e r t i c a l  probe of  t h e  ionosphere.  The 

o b s e r v a t i o n  results ob ta ined  by t h e  wor ld  network o f  i o n o s p h e r i c  s t a t i o n  

during t h e  IGP-IGC p e r i o d  were u s e d  f o r  t h a t  purpose,  

Three  groups of c l o s e l y  a r ranged  s t a t i o n s  wi th  15-minute i n t e r v a l s  be- 

tween t h e  obse rva t ions  and homogeneous o b s e r v a t i o n  results were used  as 

base  s t a t i o n s .  

a )  Peru  s t a t i o n s :  Huancajo (125 75.3r*), T a l a r a  (4.6s 81.2~) and Chim- 

bo to  (9s 7 8 . 6 ~ )  -- a c t i v e  observa t ion  of f l a r e s  from 13  th rough 22 univer -  

s a l  t i m e .  

h 

b) Japanese  s t a t i o n s :  A k i t e  (39.73 140. lE) ,  Kokubunji (35.m 139.5E), 

Wakkanai (45.4N 141.%), Yamagawa (31.2N 130.6E) and Okinawa (26.5H 128.0~) 

-- a c t i v e  o b s e r v a t i o n  of  f lares  from 23 t o  7 u n i v e r s a l  t i m e .  
h 

c )  S o v i e t  s t a t i o n s :  S imferopol '  (34.1E 44.7N), Moscow (55.- 37.33) 

and  Gor'kiy (56 .2~  44.3E) -- e f f e c t i v e  o b s e r v a t i o n  o f  f l a r e s  from 5 through 

1 4  u n i v e r s a l  time. h 

The phenomenon w a s  i n c l u d e d  i n  t h e  l i s t  of  X-ray e f f e c t  if t h e  growing 

w a s  c l e a r l y  prominent a g a i n s t  t h e  background o f  the d i u r n a l  cour se ,  and fmin 

its beginning ,  du ra t ion  and  ampli tude co inc ided  w e l l  w i t h  t h o s e  a t  t h e  neigh- 

b o r i n g  s t a t i o n s .  The first obse rva t ion ,  when t h e  r ise  became n o t i c e a b l e ,  
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WBE cons idered  as t h e  i n i t i a l  e f f e c t ,  and t h e  l as t  obse rva t ion  prior t o  

t h e  d i sappea rance  o f  t h a t  r i s e  w a s  cons ide red  as t h e  end e f f e c t .  The o r i -  

trin of t h e  e f f e c t  m i n c i d e s ,  s i t h i =  15 zinutes, aitri t h e  occur rence  of an 
U-- 

X-ray r a d i a t i o n  f lux  which is adequate  f o r  an obse rvab le  a d d i t i o n a l  i o n i z a -  

t i o n  i n  the D layer. The end  o f  t h e  e f f ec t  w a s  i n  many c a s e s  de te rmined  

l e s s  a c c u r a t e l y  as t h e  f 

gradual .  

r e t u r n  t o  a qu ie scen t  l e v e l  was f r e q u e n t l y  v e r y  min 

A t o t a l  o f  about 600 X-ray e f f e c t  were t h u s  s i n g l e d  o u t ,  on t h e  basis 

o f  fnin, d u r i n g  t h e  IGY-IGC per iod .  Each c a s e  w a s  c h a r a c t e r i z e d  by a p o i n t  

on a t h r e e - p o i n t  s c a l e  t h a t  t o o k  i n t o  account  t h e  ampl i tude  and d u r a t i o n  o f  

t h e  e f f e c t  as w e l l  as t h e  z e n i t h  angle  o f  t h e  sun. A l l  the  e f f e c t s  occur-  

r i n g  i n  t h e  i n t e r v a l  o f  13-22 UT [ u n i v e r s a l  t imeJ were very  c a r e f u l l y  s i n -  

g l e d  out .  A c e r t a i n  number of  mild e f f e c t s  i n  t h e  23-7h UT i n t e r v a l  cou ld  

be omi t t ed  due t o  t h e  cons ide rab le  f l u c t u a t i o n  o f  t h e  fmin a t  t h e  Japanese 

s t a t i o n s .  

h 

In view o f  t h e  wide geographic  l a t i t u d e  (>45°f0, t h e  s o v i e t  

s t a t i o n s  were l e s s  s e n s i t i v e  t o  t h e  e f f e c t s  o f  t h e  f l a r e s  i n  w i n t e r  time. 

There was no informat ion  f o r  NoveEber-December 1959 from t h e  Peru  s t a t i o n s .  

On t h e  whole, however, t h e  l i s t  o f  the  f l a r e  e f f e c t s  t u r n e d  o u t  t o  be f a i r l y  

long, a n d  w a s  used f o r  making f u r t h e r  comparisons. 

11. Coaparing t h e  E f f e c t s  o f  X-ray Emission 
wi th  Chromospheric F l a s h e s  

1. Corresponding chromospheric flashes were found f o r  79% of t h e  (600) 

X-ray e f f e c t s .  In 9% of the e f f e c t s  there  w a s  more than  one flash (2-3) 

f o r  each  e f f e c t ,  and no unique r e l a t i o n  w a s  e s t a b l i s h e d .  

t h e  e f f e c t s  w i l l  be  d i s c u s s e d  below ( s e e  o e c t i o n  IV). 

The o t h e r  12% o f  

2. F l a s h e s  R i t h  X-ray emission were found t o  b e  a lmos t  un i formly  dis-  

t r i b u t e d  i n  a l l  t h e  l o n g i t u d e s  from the c e n t r a l  solar mer id ian ,  and i n  t he  

l a t i t u d e  b e l t  approximately -30 from t h e  equa to r .  It s h o u l d  b e  p o i n t e d  + o  

3 
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o u t ,  however, t h a t  a sharp d i s p a r i t y  i n  t h e  number of X-ray e f f e c t s  between 

t h e  n o r t h e r n  and s o u t h e r n  hemispheres o f  t h e  Sun w a s  no ted  i n  1959. 

1 4  of t h e  150 e f f e c t s ,  t h a t  is IL IO%, were produced by sou the rn  f l a r e s .  

Only 

43 I- 
Fig. 1. The depeodence of the ave rage  ,*4' ; L o ,  @ . .; p o i n t  o f  X-ray e f f ec t  (accord- 

i n g  t o  f ) on t h e  l o n g i t u d e  ( 1  
of t h e  
flare. 0 A? 53 90 WE 

min corresponding  i 

-- - 

A l l  t h e  X-ray e f f e c t s  i d e n t i f i e d  w i t h  t h e  f l a s h e s  were then  checked 

t o  see if t h e r e  w a s  any  d i r e c t i v i t y  e f f e c t  i n  t h e  i n t e n s i t y  of  t h e  X-ray 

emission. Had such  an e f f e c t  been d i scove red ,  i t  would have meant t h a t  a 

c o n s i d e r a b l e  s h a r e  of t h e  X-ray f l u x  w a s  r e g e n e r a t e d  a t  a depth o f  50 km 

in t h e  photosphere ;  t h a t  is a t  a depth  of o v e r  0.3 gram [g]. To t h a t  end, 

t h e  scale p o i n t s  o f  t h e  X-ray e f f e c t s  were averaged up w i t h i n  each longi- 

tude r ange  from t h e  c e n t r a l  s o l a r  meridian (O- lOo,  10-20°, ...). The re- 

s u l t s  o f  t h e  a v e r a g i n g  p r o c e s s  a r e  c i t e d  i n  F ig .  1 where t h e  d i s t a n c e  from 

t h e  c e n t r a l  mer id i an ,  expres sed  i n  degrees ,  i s  p l o t t e d  on t h e  X - a x i s ,  and 

t h e  averaged  p o i n t  o f  t h e  X-ray e f f e c t  on t h e  Y-axis. Each p o i n t  cor re-  

sponds t o  more than  45 c a s e s  o f  X-ray emission.  The f i g u r e  shows t h a t  a l l  

t h e  p o i n t s  can b e  e a s i l y  a r r a n g e d  on a h o r i z o n t a l  s t r a i g h t  l i n e ,  and that 

t h e r e  i s  a p p a r e n t l y  no t a n g i b l e  d i r e c t i v i t y  e f f e c t .  Thus t h e  major  s h a r e  

o f  t h e  X-ray flux i s  r e g e n e r a t e d  at depths  o f  l e s s  than  50 km i n  t h e  photo- 

s p h e r e  or i n  t h e  chromosphere. 

3 .  I n  view o f  t h e  l o n g  t i m e  i n t e r v a l  between t h e  i o n o s p h e r i c  observa-  

t i o n s  (15 min), our  i n f o r m a t i o n  was o f  l i t t l e  use  f o r  a d e t a i l e d  s t u d y  of 

t h e  temporary correspondence between t h e  X-ray emiss ion  and t h e  glow i n  H 

In  a number o f  cases ,  however, we t r i e d  t o  do i t  by s t a t i s t i c a l  methods. 

d' 

Fig .  2 shows t h e  d i s t r i b u t i o n  o f  t h e  t i m e  o f  t h e  occur rence  o f  t h e  

4 



glow in fi, (curve  I)  and t h e  X - r a y  e f f e c t s  i n  t h e  D l a y e r  ( cu rve  11) i n  

r e l a t i o n  t o  t h e  maxirrium f l a r e  i n  E Used i n  t h i s  connec t ion  were 7 ~ 2  o f  a' 
t h e  X-ray e f f e c t s  for which t h e  maximum f l a s h  moments are  given i n  c2 ,  53. 

P l o t t e d  on t h e  X-axis is  t h e  t ime lag of t h e  cor responding  e f f e c t  i n  r e l a -  

t i o n  t o  t h e  maximum f l a r e  i n  Ii,, anri on, t h e  Y-axis t h e  number o f  c a s e s  

with a p a r t i  ar t i m e  lag. D i s t r i b u t i o n  I1 shows that  t h e  largest number 

o f  i n i t i a l  X-ray e f f e c t s  f i t  i n t o  a 2 15-minute time i n t e r v a l  from t h e  max- 

ilam f l a r e  i n  Ea, and t h e  maximum d i s t r i b u t i o n  i s  d i s p l a c e d  F 5 minutes 

t o  t h e  right of  t h e  o r i g i n  o f  t h e  coord ina te s .  

Due t o  t h e  long t i m e  i n t e r v a l  between t h e  s u c c e s s i v e  o b s e r v a t i o n s  (15 

m i n u t e s ) ,  t h e  d i scove ry  o f  t h e  X-ray emission by t h e  f was de layed  an ave r -  

age of 5-7 min. from the  occurrence of an X-ray f l u x  adequate  to  produce 

an obse rvab le  a d d i t i o n a l  i o n i z a t i o n  in t h e  D l a y e r .  I f  we t a k e  t h i s  i n t o  

account ,  t h e  I1 d i s t r i b u t i o n  will b e  s h i f t e d  5-7 minutes  t o  t h e  l e f t .  In 

t h a t  c a s e  t h e  occur rences  of t h e  cor responding  X-ray flux w i l l  be  v e r y  c l o s e  

m 

d' 
t o  t h e  m a x i m u m  f l a r e  moments i n  ii 

D i s t r i b u t i o n  11 was d i v i d e d  accord ing  t o  t h e  d u r a t i o n  of the  X-ray 

emiss ion  i n t o  f i v e  p a r t s  which a r e  shown i n  Fig. 3 i n  the 6ame c o o r d i n a t e  

axes.  The f i g u r e  i n  each d i s t r i b u t i o n  i n d i c a t e s  t h e  number of  l!j-rninute 

o b s e r v a t i o n  i n t e r v a l s  w i t h  an i n c r e a s e d  f . The f i g u r e  shows t h a t  t h e  min 

s h o r t e r  t h e  X-ray e f f e c t ,  t h e  c l o s e r  its occur rence  t o  t h e  maximum flare, 

and, by t h e  same token ,  t h e  l o n g e r  (and more powerfu l )  t h e  e f f e c t ,  t h e  

e a r l i e r  than t h e  m a x i m u m  f l a r e  i t  w i l l  occur .  It is c l e a r  from Fig. 3 t h a t  

t h e  l e f t  wing o f  d i s t r i b u t i o n  I1 i s  made up p r i m a r i l y  of v e r y  du rab le  e f -  

f e c t s .  We should  p o i n t  out that  Fig. 2 does n o t  i n c l u d e  t h e  extreme l e f t  

p a r t  of  d i s t r i b u t i o n  11. It can be c l e a r l y  seen  when the  d i s t r i b u t i o n s  i n  

F ig .  3 a r e  added up. I 

I 

I I 
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Fig.  2. T h e  t i m e  l a g  d i s t r i b u t i o n  o f  t h e  i n i t i a l  d i s c o v e r i e s  of  t h e  X-ray 
emission by f i n  r e l a t i o n  t o  t h e  maximum f l a r e  i n  H t h a t  is 
t h e  d i s t r i b u t i o n .  min CY' 

H (curve 11) and At = tinit H -  . ' - tmax e . (x tmax iicv 
A t  = tinit 

(curve 1) 

4. D i s t r i b u t i o n  I1 in Fig. 2 is d i s p l a c e d  i n  r e l a t i o n  t o  d i s t r i b u t i o n  

I by r 11 minutes .  The d i s t r i b u t i o n  of t h e  i n i t i a l  f lares  i n  H i n  rela- 

t i o n  t o  t h e  moments of t h e  d iscovery  of t h e  X-ray emiss ion  i s  shown more 

CT 

g r a p h i c a l l y  i n  Fig. 4. Taking the  5-7 min. c o r r e c t i o n  i n t o  c o n s i d e r a t i o n  

a g a i n ,  we f i n d  t h a t  t h e  time l a g  of the cor responding  X-ray flux i n  rela- 

t i o n  t o  t h e  i n i t i a l  f l a r e  averaged about  5 min. f o r  t h e  e n t i r e  d i s t r i b u t i o n .  

Thus a t  t h e  ve ry  beginning o f  t h e  f l a r e  the X-ray emiss ion  is e i t h e r  i n s u f -  

f i c i e n t l y  i n t e n s e  o r  ha rd  t o  produce a n  obse rvab le  a d d i t i o n a l  i o n i z a t i o n  in 

l a y e r  D. 

5. 'The conclus ion  [l] t h a t  t h e  glow of  t h e  f l a s h  i n  He u s u a l l y  l a s t s  

l o n g e r  than t h e  X-ray emiss ion  i s  suppor ted  by a l a r g e r  mass o f  in fo rma t ion .  

I n  a d d i t i o n  t o  t h e  f l a r e s  c i t e d  i n  [l], a n o t h e r  f l a s h  w a s  found on 30 
h m  July  1958 a t  15 23 i n  which the  du ra t ion  of  t h e  X-ray emiss ion  was consid-  

e r a b l y  l o n g e r  than t h a t  of a f l a r e  i n  H,. The re  is a l s o  a number o f  s i m i l a r  

6 
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cmes o f  f l a s h e s  on a l imb  (for example, No. 0023, 1296 a n d  1716, acco rd ing  

I t o  cfS_l )  where the a c t u a l  d u r a t i o n  o f  t h e  glow i n  He cou ld  cons ide rab ly  ex- 

ceed t h e  obse rvab le  du ra t ion .  
I 

n 
IS - 

- - I 3  I 1 

IS f- 

4Qt 

Fig .  3.  B i s t r i b u t i o n  I1 f r o m  Fig. 2 d iv ided  i n t o  f i v e  p a r t s  i n  accordance 
wi th  t h e  d u r a t i o n  of t h e  X-ray e f fec t  on t h e  b a s i s  o f  fmin 

S i x  very  strong f l a s h e s  were found ( p o i n t s  3 and  3 + )  were found which 

. 

were n o t  accompanied by X-ray emission (No. 2066, 2945, 5627, accord ing  t o  

C23, and Pro. 0216, 0300, 1357, accord ing  t o  [5]), and t h i s  r e s u l t  is con- 

f i rmed by t h e  in fo rma t ion  on t h e  f a d i n g  r a d i o  shortwaves (SWF). 

Of c o n s i d e r a b l e  i n t e r e s t  from t h e  p o i n t  o f  view o f  high-energy e l e c t r o n  

g e n e r a t i o n  i n  the  f l a r e  a r e  t h e  "doubled" f l a r e s  (see [2, 51) which have 
I 

I i e i t h e r  a double-humped development curve  i n  Ei 

p o i n t s  of t h e  same s t r e n g t h .  

or two c l o s e  c o n f l a g r a n t  
(I 

We have found e i g h t  such  ''doubled" f l a r e s  wi th  

~ 
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a g e n e r a t i o n  o f  X-rays i n  only  one p o i n t  ClO]  o r  i n  a m a x i m u m  (No. 1074, 

1121, 0843, 2168, 5?l0, acco rd ing  t o  L21 wi th  a g e n e r a t i o n  of  X-rays only  

i n  t h e  second p o i n t  or t h e  maximu,  and  No. 1810, 2275 accord ing  t o  [21 

and No. 2673 accord ing  t o  t51 with  a g e n e r a t i o n  o f  X-rays only  in t h e  f i r s t  

p o i n t  or atada-m: - 
so found 11 "doubled" flares wi th  a g e n e r a t i o n  o f  X-5ays 

or m a l d m m s  (No. 0055, 0710, 0849, 1067, 1068, 1571, 1841, 

i124, 4130, 4140, 5569, accord ing  t o  [21), These r e s u l t s  of t h e  "doubled" 

f lares  are confinned by t h e  data on SWF, All t h e s e  c a s e s  r e q u i r e  a f u r t h e r  

s t u d y  wi th  t h e  u s e  o f  t h e  in fo rma t ion  on t h e  c o n f i g u r a t i o n  o f  t h e  magnetic 

f i e l d s  i n  t h e  f lare ,  t h e  development cu rves  o f  t h e  f l a r e  i n  He and o t h e r  

da ta .  i 1% 

Fig.  4. 

7 - 
The 

n- I I 1 -- 4 5  -3u -15 U 
d t  

d i s t r i b u t i o n  of t h e  X-ray t i m e  lags bg in r e l a t i o n  t o  t h e  - 

i n i t i a l  f l a r e  i n  Ha, t h a t  is A t  I t i n i t .  x ini' 

111. Comparing t h e  e f f e c t  o f  X-ray emiss ion  w i t h  
t h e  r a d i o  emission of  t h e  f l a r e s  

1. Vie had  i n f o r m a t i o n  of 56 type I V  f l a sh -ups  L7] of  which 42 occur- 

red  d u r i n g  t h e  IGY-IGC p e r i o d  under s tudy .  All of them were  accompanied by 

a c o n s i d e r a b l e  i n c r e a s e  i n  t h e  minimum r e f l e c t i o n  f r equenc ie s .  We a l s o  had 



I 

SWF d a t a  [43 on s i x  more f lash-ups  in June 1957, and two i n  March 1960. 

All t h e  e i g h t  f lash-ups were accompanied by cons ide rab le  e f f e c t s  i n  SWF. 

2, Twenty of t h e  42 type  I V  f lash-ups had only t h e  first phase kat- 

egory  A )  on t h e  meter waves, and 22 f lash-ups  had the  first and second 

~ h a s e s  (category E! 173. 

accompanied on t h e  average  by l a r g e r  f l u x e s  o f  X-ray emission than  t h e  

ca t egory  A flash-ups.  Indeed,  i n  20 ca tegory  A cases ,  t h e  average  scale- 

p o i n t  o f  t he  X-ray e f f e c t  i n  fmin was 2.0, and  i n  22 ca tegory  B c a s e s  i t  

was 2.4. 

f l a sh -ups  a re  found i n  t h e  l o n g i t u d e  b e l t  of 45-90' from t h e  c e n t r a l  m e r i -  

It was f o m d  t h a t  t h e  ca t egory  B f lash-ups  were 

Although t h e  f la res  corresponding t o  80% of  the  ca t egory  A 

d i an ,  and those  cor responding  t o  74% o f  ca t egory  B f lash-ups  i n  t h e  b e l t  

o f  0-45O from the  c e n t r a l  mer id ian  C71, i t  is obvious t h a t  t h e  above-men- 

t i o n e d  r e s u l t  cannot be e x p l a i n e d  by such  a l o n g i t u d i n a l  d i s t r i b u t i o n  o f  

r a d i a t i o n  sources (see S e c t i o n  11, p a r a  21, and i t  i s  appa ren t ly  connected 

w i t h  t h e  o t h e r  c h a r a c t e r i s t i c s  of t h e s e  sou rces .  

3. According to [7], t h e  f lash-ups  o f  rad io- f requency  emiss ion  on a 

10 cm wave w i t h  a d u r a t i o n  of ove r  10 min. and a m a x i m u m  f l u x  dens i ty  of 

more tnan 200.10 w a t t / m  cps  are accompanied wi th  a high  degree o f  

p r o b a b i l i t y  (90%) by f lash-ups o f  type  I V  radio-frequency emission. One 

hundred, or of the  111 such f lash-ups,  taken from C71, a r e  accompanied 

by a d e f i n i t e  r ise of fen. 

s h a r e  went  up t o  g s ,  t h a t  is  i n  such f l a sh -ups  t h e  p r o b a b i l i t i e s  of b e i n g  

-22 2 

When t h e  in fo rma t ion  on SWF w a s  i nc luded ,  t h a t  

accompanied by X-ray emissions a n d  t y p e  I V  f lash-ups  were ve ry  c l o s e  t o  one 

a n o t h e r .  The mentioned Pick-Gutmann c r i t e r i o n  [7] is t h u s  confirmed. 

On t h e  o t h e r  hand, t h e  conclusion made i n  poin t  1 of the t h i r d  s e c t i o n  

t o  t h e  e f f e c t  t h a t  a l l  t h e  type  I V  f lash-ups  a r e  accompanied by a cons ider -  

a b l e  f l u x  of  X-ray emission is w e l l  confirmed. It  shou ld  b e  p o i n t e d  out 

t h a t  t h e  remain ing  of t h e  st-rong f lash-ups  on a 10-cm wave a r e  not 

9 
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accompanied by X-ray  emission 26 Sept 1957 a t  18~36; 19 Dec 1957 at  09:16; 

12 Feb 1958 at  53:42;  14 J a n  1959 a t  2l:3O; 21 Dec 1959 a t  00:50). 

It. 

, 
i 

- i n  r e l a t i o n  t o  = t in i tox  t i n i t .  10 cm Fig. 5. D i s t r i b u t i o n  

4. The i n f o r m a t i o n  on t y p e  I V  f l a sh -ups  a t  our d i s p o s a l  (from t73 

and t8J)  a p p l i e d  t o  only 130 of the 600 X-ray e f f ec t s  under  c o n s i d e r a t i o n  

l a y e r  I>. A r e  t h e  remain ing  X-ray e f f e c t s  accompanied by t y p e  I V  f lash-ups?  

We have n o t  d i s c u s s e d  t h a t  problem, but  assume t h a t  t hey  are. This may be 

gleaned  from t h e  fol lowing.  

According t o  [73, about 25% of t h e  f l a sh -ups  on a 10-cm wave w i t h  a 
10-22 

d u r a t i o n  of  l ess  than  10 min. and a maximum f l u x  d e n s i t y  of o v e r  100 

L w t / m  cps ,  as w e l l  as about  50% of t h e  f lash-ups  on a 10-cm wave w i t h  a 

d u r a t i o n  o f  o v e r  10 minutes  and maximum f l u x  d e n s i t y  o f  60 + 100) ldZ2 

a t / m L  cps  a r e  accompanied by type I V  f lash-ups  on meter waves. 

as t h e  number of s u c h  f lash-ups  exceeds t h e  number of f l a sh -ups  w i t h  a dura-  

t iOn of  o v e r  10 minutes  and  a maximum f l u x  d e n s i t y  o v e r  200 10 w t / m  

Inasmuch 

-22 2 
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c p s ,  i t  is q u i t e  p o s s i b l e  t h a t  t h e  o t h e r  470 X-ray e f f e c t s  a lso i n c l u d e  

type I V  flash-ups.  T h i s  problen? will be d e a l t  w i t h  i n  a s e p a r a t e  work. 

The conclus ion  made i n  [11 t o  t he  e f f e c t  t h a t  t h e  beginning  of  5. 

X-ray p r o d u c t i o n  is c o n s i d e r a b l y  c l o s e r  t o  t h e  i n i t i a l  r a d i o  emiss ion  on 

c e n t i m e t e r  l a v e 6  (10 CEL) than t o  t h e  i n i t i a l  f l a r e  i n  B is confirmed by 

voluminous s o u r c e  materials, This may be g leaned  from Fig.  5 where the 

t i m e  lag of the i n i t i a l l y  d iscovered  X-ray e f f ec t  i n  r e l a t i o n  t o  t h e  i d -  

t ial  f l a r e  is p l o t t e d  on t h e  X-axis,  and t h e  same is p l o t t e d  on the Y - a x i s  

a 

i n  r e l a t i o n  t o  t h e  i n i t i a l  r a d i o  emission on a 10 cm wave. I n d i v i d u a l  

c a s e s  a r e  i n d i c a t e d  by c i r c l e s .  The arrows t o  t h e  r i g h t  snow that t h e  

f l a r e  began b e f o r e  t h e  time i n d i c a t e d  i n  [2] and c53, a n d  that t h e s e  c i r c l e s  

s h o u l d  b e  s h i f t e d  t o  t h e  r i g h t ,  

A t o t a l  o f  103 X-ray e f f e c t s  wi th  a type I V  r a d i o  emission from C71 

and [a] and a s i n g l e - v a l u e d  chromospheric f l a r e  a re  r e p r e s e n t e d  i n  t h e  

f i g u r e .  The l a t te r  shows t h a t  i n  the m a j o r i t y  o f  c a s e s  the i n i t i a l  X-ray 

a n d  r a d i o  emiss ions  c o i n c i d e  w i t h i n  15 minutes,  which i s  t h e  t ime i n t e r v a l  

between two s u c c e s s i v e  ionospher ic  o b s e r v a t i o n s .  Only about 10% of t h e  

c a s e s  ex tend  beyond t h a t  i n t e r v a l .  It  is p o s s i b l e  i n  s u c h  c a s e s  t h a t  there 

w a s  an X-ray emission at t h e  t i m e  of t h e  p r e v i o u s  o b s e r v a t i o n s  but  i t  was 

t o o  weak t o  produce a n o t i c e a b l e  i n c r e a s e  i n  fmint whereas a more sensi- 

t i v e  ground a p p a r a t u s  already discovered  an i n i t i a l  r a d i o  flash-up. 

I n  t he  c a s e  of a n  i d e a l  co inc idence  of t h e  i n i t i a l  X-ray emiss ion ,  r a d i o  

emiss ion  on a 10-cla wave and a glow i n  H a a l l  t h e s e  c a s e s  could  b e  r e p r e -  

s e n t e d  o n  a d i a g o n a l  s t r a i g h t  l i n e  A. A c t u a l l y ,  b e a r i n g  i n  mind t h e  pos- 

s i b l e  e r r o r s  i n  determining t h e  beginning of  t h e  f l a r e  and r a d i o  emiss ion ,  

the c a s e s  found between t h e  B and C s t r a i g h t  l i n e s  nay be assumed t o  b e  

w e l l  c o i n c i d i n g ,  About 3 a  o f  t h e  cases a re  t o  t h e  r i g h t  of  t h e  s t r a i g h t  

11 
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l i n e  c;. In t h e s e  cases t h e  i n i t i a l  X-ray emiss ion  is c o n s i d e r a b l y  c l o s e r  

t o  t h e  i n i t i a l  radio emiss ion  than t o  t h e  i n i t i a l  f l a r e .  

I n  view of the  above s t a t e m e n t ,  i t  is obviously safe t o  asser t  tha t  

) and r a d i o  emission on a 10-cm wave begin t o  be g e n e r a t e d  
( fmin t h e  X-ray 

almost  s i m u l t  aneouslg. 

IV. X-ray emission from l imb a n d  trans-limb flares 

1. Here w e  w i l l  d i s c u s s  the remaining 12% of the effects, that 2s 

t h e  71 cases  mentioned i n  s e c t i o n  11, para. 1, 

I n  15 c a s e s  t h e r e  was no f l a r e  p a t r o l ,  accord ing  t o  c3] and L41. 

I n  10 case6 the  b r i g h t n e s s e s  on t h e  d i s c  c o i n c i d e d  in t ime,  bu t  w e  

w i l l  not discuss t h e  r e l i a b i l i t y  of these i d e n t i f i c a t i o n s  here, 

I n  8 c a s e s  (No. 6, 7, 8, 13, 22, 23, 24 and 25 i n  the t a b l e  below), 

b r i l l i a n c i e s  o r  s h o r t  f l a s h e s  were found on t h e  l imb as w e l l  as correspond- 

i n g  bright s u r g e s  on t h e  limb. 

I n  two c a s e s  (No. 3, 12) t h e r e  were b r i l l i a n c i e s  on t h e  l i m b  and cor-  

responding  a c t i v e  prominences. 

I n  f i v e  c a s e s  (No. 4, 11, 18, 19, 21) there  were only s u r g e s  on t h e  

l imb. 

I n  seven cases (No. 1, 2, 14, 15, 16, 17, 20) t h e r e  were only a c t i v e  

prominences; and i n  two cases (No. 9, 10) t h e  X-ray e f f e c t  c o u l d  b e  asso- 

c i a t e d  w i t h  t h e  b r i g h t n e s s  or an independent surge. 

No o p t i c a l  i n d i c a t i o n  of a c t i v i t y  were found in t h e  remain ing  22 cases, 

a l though t h e r e  w a s  a f la re  p a t r o l  (a  p a r t i a l  o n e ) ,  

The o p t i c a l  effects  of t h e s e  22 e v e n t s  c o u l d  have been o m i t t e d  because 

of  t h e  incomple te  d a t a  on t h e  b r i l l i a n c i e s  , s u r g e s  and a c t i v e  prominences. 

We w i l l  n o t  d i s c u s s  t h e s e  e v e n t s  here. 

The following i n f o r m a t i o n  is c i t e d  in t h e  t a b l e  (by column): 

12 



1) t he  o r d i n a l  number of t h e  e f f e c t ;  

2 )  t h e  d a t e  o f  t h e  e f f e c t ;  

3) t h e  beginning  and  end of t h e  x-ray e f f e c t  i n  fdn ;  

4) approximate s c a l e - p o i n t  of the  X-ray e f f e c t  i n  fen; 

5 )  o p t i c a l  m a n i f e s t a t i o n s  of a c t i v i t y :  t y p e  of a c t i v i t y  , s c a l e - p o h  t 

i m e  i n t e r v a l  of a c t i v i t y ,  c o o r d i n a t e s ,  d e s c r i p t i o n  and s t a t i o n  

r e p o r t i n g  t h e s e  d a t a ;  

6 )  namber of  t h e  f l o c c u l e n t  reg ion ,  a c c o r d i n g  t o  t h e  I n t e r n a t i o n a l  
, 

Astronomical  Committee of t h e  I n t e r n a t i o n a l  As t ronomica l  b s o c i a t i o n  c2, 

51, with  which t h e  o p t i c a l  phenomenon is a s s o c i a t e d ;  

7) The l o n g i t u d e  range  of t h e  p a r t  o f  t h e  r e g i o n  d u r i n g  t h e  given X- 

r a y  e f f e c t  where t h e  c e n t e r s  of the  f l a r e s  o c c u r r i n g  in t h e  n e a r e s t  q u a r t e r  

r e v o l u t i o n  of t h e  Sun are found; i n  a number of c a s e s  t h e  supposed l o n g i -  

tude  of t h e  phenomenon is more a c c u r a t e l y  i n d i c a t e d ;  

8) the number of X-ray f l a s h e s  (not  coun t ing  t h e  even t  under  d i scus -  

s i o n )  found by t h e  fmin found i n  given a c t i v e  r e g i o n  d u r i n g  i ts  nex t  pas- 

sage  a c r o s s  t h e  s o l a r  d i s c ;  i n  30% of t h e s e  f l a r e s  w e  had i n f o r m a t i o n  on 

type  I V  f lash-ups ,  bu t  t h e  T a b l e  i n d i c a t e s  t h a t  i n f o m a t i o n  f o r  o n l y  two 

c a s e s  (No. 3, 1 0 ) .  

The n i n t h  column w i l l  be exp la ined  l a t e r .  

2. The t rans- l imb {Russian term: zalimbovayal cannot b e  s e e n  from t h e  

E a r t h  if its edge n e a r e s t  t o  us i s  a t  N loo l o n g i t u d e  beyond t h e  edge o f  

t h e  d i s c ,  and t h e  h e i g h t  of t h e  f l a r e  is 10,000 k i l o m e t e r s  above t h e  photo- 

sphe re .  

The t a b l e  shows t h a t  i n  t h e  even t s  r e v e a l i n g  a s u r g e  o r  a c t i v e  promi- 

nence,  t h e  cor responding  a c t i v e  reg ion  is on t h e  a v e r a g e  l o c a t e d  f a r t h e r  

from t h e  c e n t r a l  mer id i an  than  i n  t h e  e v e n t s  c h a r a c t e r i z e d  by a b r i l l i a n c y  



or s h o r t  f l a s h e s ,  a n d  t h e  cond i t ion  of i n v i s i b i l i t y  is a p p a r e n t l y  f u l f i l l e d .  

And even i n  t h e s e  c a s e s  of  b r i l l i a n c i e s  and f l a s h e s  on t h e  l imb,  the  cen- 

t e r s  o f  t h e  a c t i v e  r e g i o n s  a re  l o c a t e d  a t  l o n g i t u d e s  more than  90 from 

t h e  c e n t r a l  meridian.  

0 

I t  is p o s s i b l e  t o  v i E t l a l i z c  a series o f  s u c c e s s i v e  events  a t  ever- in-  

c r e a s i n g  d i s t a n c e s  from t h e  c e n t r a l  mer id ian :  

a) a u s u a l  f l a r e  on t h e  l imb  and cor responding  surges and a c t i v e  prom- 

i n e n c e s  ; 

b )  a v e r y  s h o r t  f l a s h  on t h e  l imb,  as compared t o  an X-ray e f f e c t ,  

and  cor responding  s u r g e s  and a c t i v e  prominences;  

c )  b r i l l i a n c e  on t h e  l imb,  p o s s i b l y  r e p r e s e n t i n g  the upper  o r  n e a r e s t  

end t o  us of a t rans- l imb f l a r e ,  i n v i s i b l e  from t h e  Ea r th ,  and  correspond-  

i n g  surges and  a c t i v e  prominences; 

d) only s u r g e s  and a c t i v e  prominences. 

T h e  in fo rma t ion  c i t e d  i n  t h e  t a b l e  shows t h a t  i n  s i x  of t h e  e v e n t s  

(No. 3,  5 ,  7, 8, 11, 23), t he  i d e n t i f i c a t i o n  of t h e  X-ray e f f e c t  w i t h  t h e  

o p t i c a l  m a n i f e s t a t i o n  of  the a c t i v i t y  i s  a p p a r e n t l y  beyond doubt. The 

i d e n t i f i c a t i o n s  i n  t h e  events  No. 6 ,  15, 16, 18,  19 a r e  also f a i r l y  r e l i a b l e .  

Thus there  i s  a p p a r e n t l y  n o  doubt about  a c o n s i d e r a b l e  X-ray f l u x  

< 8x1 be ing  e m i t t e d  by far-away l imb  and t rans- l imb f l a r e s .  

The e v e n t s  of 9 June  1959 a n d  2 August 1958, a s s o c i a t e d  w i t h  t h e  most 

( 

powerful  f l u x e s  of  X-ray emission,  dese rve  p a r t i c u l a r  a t t e n t i o n .  In t h e  

former  case, t h e r e  was n o t  even an i n c r e a s e  in t h e  b r i g h t n e s s  d u r i n g  t h e  

first h a l f  hour  or so ,  even though a powerful  X-ray f l u x  had a l r e a d y  been 

r e c o r d e d  on t h e  Earth.  Corresponding t o  t h a t  event  was a c o n s i d e r a b l e  f lux 

o f  high-energy p r o t o n s  i n  the p o l a r  cap. The r i s i n g  f above t h e  s t e a d y -  

s t a t e  l e v e l  at t h e  Reso lu te  s t a t i o n  (74.7 N 94.9 W) amounted t o  1-3 
min 
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* 

megacycles,  and cont inued  from 10  through 1 9  June. There w a s  a l s o  a mild 

magnet ic  s to rm which broke out suddenly a t  about  noon 00 11 June  1959. The 

c o n d i t i o n  f o r  t h e  propagat ion  o f  high-energy p r o t o n s  from t h e  e a s t e r n  l imb  

were a p p a r e n t l y  f a i r l y  f a v o r a b l e ,  as t h e r e  had been o n l y  one u n i d e n t i f i e d  

medium-intensi ty  s to rm throughout  t h e  p reced ing  r e v o l u t i o n  o f  t h e  Sun, and 

t h e  f i e l d  had  been almost still during t h e  p r e v i o u s  h a l f  t u r n  ( s e e  [ll, 1 2 J ) .  

The X-ray emiss ion  on 2 August 1958 w a s  a l s o  powerful  and  l a s t i n g ,  b u t  

i n  t h a t  case no f lares  o r  b r i g h t n e s s  were observed during t h e  e n t i r e  X-ray 

e f f e c t .  Both events  s e r e  accompanied by f l a s h e s  o f  t ype  I V  r a d i o  emission.  

3. From t h e  t rans- l imb f l a r e s ,  v i s i b l e  from t h e  Ea r th  only as br ight  

s p o t s ,  t h e  X-ray can  r each  t h e  E a r t h  i f  i t  o r i g i n a t e s  a t  t h e  l e v e l  o f  t h e  

f l a r e  luminescence  i n  He or h ighe r ,  and  from flares i n v i s i b l e  from t h e  E a r t h  

it can reach i t  from still greater he igh t s .  The powerful  X-ray f l u x  coming 

from such flares i n d i c a t e s  t h a t  a c o n s i d e r a b l e  p o r t i o n  o f  i t  is g e n e r a t e d  

above t h e  r e g i o n  o f  the f l a r e  luminescence i n  HZr 

In column 9 of  t h e  t a b l e  we i n d i c a t e d  t h e  l o w e s t  a l t i t u d e  above t h e  

photosphere  s t i l l  v i s i b l e  from t h e  E a r t h  f o r  t h e  f a r  s i d e  of t h e  a c t i v e  re- 

gion where t h e  n e a r e s t  q u a r t e r  r e v o l u t i o n  o f  t h e  Sun w a s  c h a r a c t e r i z e d  by  

f l a r e s  (of  greater magnitude).  

f l a r e  above t h e  photosphere  which re assumed t o  b e  10,000 k i lome te r s .  

The smaller magnitude i s  t h e  a l t i t u d e  o f  t h e  

Judging  from t h e  magnitudes l i s t e d  i n  column 9, t h e  l o w e s t  p o i n t  op- 

p o s i t e  t h e  center o f  t he  f lare still v i s i b l e  from t h e  Earth will have al- 

t i t u d e  of  - lO,OOO-3O,OOO k i l o m e t e r s  above t h e  photosphere.  And t h e  r e g i o n  

where t h e  X-ray r each ing  t h e  e a r t h  is g e n e r a t e d  w i l l  be  still  h i g h e r ,  ex- 

t e n d i n g  i n t o  t h e  r e g i o n  of  c o r o n a l  condensa t ion .  

Worthy o f  p a r t i c u l a r  a t t e n t i o n  in t h i s  connec t ion  are t h e  c a s e s  men- 

t i o n e d  i n  s e c t i o n  two when t h e  d u r a t i o n  of t h e  X-ray emiss ion  w a s  cons ide r -  

a b l y  l o n g e r  than  t h e  d u r a t i o n  of t h e  f l a r e  in Her, even though t h e  



0 l o n g i t u d e s  of  t h o s e  f l a r e s  were less than 80 

and t h e  end of  the f l a r e  w a s  a p p a r e n t l y  determined f a i r l y  a c c u r a t e l y .  

from t h e  c e n t r a l  mer id ian ,  

it is p o s s i b l e  that in t h e s e  cases ,  a f t e r  the end of the flare &on iii 

t h e  X-ray emiss ion  o r i g i n a t e d  p r i m a r i l y  above t h e  r e g i o n  of t h e  f l a r e  H** 
t h a t  glowed i n  Ha. 

1956) i t  is known t h a t  t h e  t y p e  I V  f lash-ups a s s o c i a t e d  wi th  thm were ex- 

c e p t i o n a l l y  long-last ing c71. 

t h e  f l a r e  w a s  still  h i g h l y  a c t i v e  f o r  a very  l o n g  t i m e  a f t e r  t h e  f l a r e  had 

ceased  t o  glow i n  Bir. 

I n  at l e a s t  t w o  such  c a s e s  (31 August 1957 and 26 Augus t  

That means t h a t  t h e  region immediately above 

A d e t a i l e d  d i s c u s s i o n  of t h e  dynamics o f  l i m b  f la res  appea r s  i n  [13, 

141, According t o  [l3, 141, t h e  a l t i t u d e  of  t h e  f l a r e  may be as high as 

50,000 k i l o m e t e r s  above t h e  photosphere,  a n d  t h e  p i c t u r e  of  t h e  development 

o f  such  a flare is i n  general s i m i l a r  t o  t h a t  of an i s o l a t e d  surge .  buch  

a flare d i f f e r 6  from a surge primarily by g r e a t e r  b r i l l i a n c e  and  compact- 

n e s s  and the presence  of a c o n f l a g r a t i o n  phase  at t h e  beginning  of t h e  

f l a r e .  

It is p o s s i b l e  t h a t  t h e  number of s u r g e s  c i t e d  i n  t h e  t a b l e  r e p r e s e n t  

just t h a t  t ype  of f l a r e s ,  b u t  i n s u f f i c i e n t  i n f o r m a t i o n  p r e v e n t s  u s  from 

s t a t i n g  t h a t  f a c t  wi th  c e r t a i n t y .  

I n  conclus ion ,  I e x p r e s s  my g r a t i t u d e  t o  A .  S .  Dvoryashin,  iq. N. 

Yerushev and B. M. VladiBlirskiy f o r  t h e i r  v a l u a b l e  comments. 

14 May 1962 
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Note i n  proofreading .  The c a t a l o g  of  f l a r e s  pub l i shed  i n  May 1962 1IGP 
S o l a r  A c t i v i t y  Repor t  Series, No. 1 7 ,  1962) f o r  t h e  e v e n t s  l i s t e d  i n  t h e  ta- 
b l e  of this a r t i c l e ,  ment ions a number of b r i l l i a n c e s  not i n c l u d e d  i n  t h e  
a r t i c l e ,  p a r t i c u l a r l y  t h e  even t  of 2 August 1958. T h i s  w i l l  produce a minor 
change i n  t h e  d i s t r i b u t i o n  of t h e  even t s  by ca tegory ,  a s  l i s t e d  in t h e  v e r y  
beg inn ing  o f  para. 4, which is not  e s s e n t i a l .  F u r t h e r ,  t h e  i d e n t i f i c a t i o n  
of t h e  event  of 25 October  1957 wi th  a limb flare is a p p a r e n t l y  d o u b t f u l ,  
as t h e  f l a r e  w a s  o f  s c a l e - p o i n t  1 s t r e n g t h ,  18:55 - 19:28 N 26 W 50. 
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